Abstract. Integrated geoelectrical resistivity, hydrogeochemical and soil properties analysis methods were used to study the area that has been applied with fertilization for long duration and non-Fertilization in Machang, North Kelantan. The Machang plain is covered with Quaternary fluvial sediments overlying granite bedrock. The drainage system is dendritic with the main river flowing into the South China Sea. In this study, the area was divided into two sites. Site-1 is the non-fertilized site, and Site-2 is the regularly-fertilized site. At shallow depth from the surface to depths of 75 cm a lower average geoelectrical resistivity values were obtained from the regularly fertilized site which has not been fertilized for the last ten months prior to the survey. The average resistivity values were around 0.366 times less in unfertilized sites. Residual nitrate and chloride were still present at the regularly chemically fertilized sites. At sites where no chemical fertilizer was added, the nitrate and chloride concentration were also found. These are due to the faces excretion of from the farm animals. The presence of nitrate and chloride content in pore water reduced the resistivity values. Thus despite low moisture content, the resistivity values to remain low. Normally, resistivity values are inversely proportional to moisture content for area with similar soil condition.
Introduction
Around the world, the fresh groundwater resources continue to deteriorate due to accelerated application of chemical fertilizers [1] . Like other places, in the study area, chemical fertilizers [2] are rigorously used to enhance the agricultural establishment such as for palm oil plantation. The fertilization is conducted every two months using fertilizers of different chemical content. At the beginning of the year, 400 kilograms of urea with 60% nitrogen is used for a two hectare palm plantation. Two months after that, another type of fertilizer with 15% nitrogen, 30% phosphorus, and 55% potassium (NPK) is applied to further improve the production of palm. This process is repeated in the middle of the year and continues till the end of the year. In total, at least 800 kilograms of urea is used for the fertilization of palm trees in a two hectare area per year.
Contaminant leaching especially nitrate from agricultural soils has been widely studied [3] [4] . In this study attention has been focused mainly on geoelectrical and chemical contrast investigation between the area that has been applied with fertilization for long duration and non-Fertilization. The study need to be done using the geoelectrical resistivity method to detect chemical especially nitrate contamination in groundwater. Clay soils are usually not considered to have actual high nitrate leaching potential [3] .
Geology of the Study Area
The study area is located about 45 km from the beach line. Kelantan River and the high hill can be found in the west and east side, respectively. The hill is a part of the Boundary Range Composite Batholith. It consists of two major components, the Machang Batholith which is about 100 x 20 km, with the smaller Kerai Batholith situated on is western flank [5] . Around the hill, a lot of granite exposed can be found especially at Sungai Buluh Quarry. Other exposed granite can also be found in Kampong Pulai Condong about 4 km to the west of Machang Batholith Boundary Range. The study area is covered with Quaternary sediments overlying granite bedrock. It is drained mainly by short rivers and streams which flow into the South China Sea. The thickness of the Quaternary deposits varies from 20 m inland to about 200 m near the coast. The loose quaternary sediments consist of alternating layers of coarse gravels to silts or mixtures of the two [6] . Figure 1 shows the location map of the research area.
Methodology
The study was performed at Kampong Tok Bok. In this investigation, the area was divided into two sites: Site 1 is the non-fertilized land, and Site 2 is the regularly-fertilized land. Site 1 is grassy fields which are sometimes used by the local people for celebration grounds and by their farm animals for grazing. Site 2 generally consists of the old palm oil plantation. The field had been farmed recurrently for over 25 years (personal conversation with a local field supervisor). The palm oil plantation has not been fertilized since August 2007, since it is due to be replanted in the near future. The fertilization scheme for the palm oil plantation for trees more than 12 years old is shown in Table 1 .
For both sites, Site 1 and Site 2, the investigation methods were used, are: a 2-dimensional (2D) geoelectrical resistivity imaging survey, soil properties analysis, and water chemical analysis.
The 2D geoelectrical resistivity imaging surveys were performed at both sites using the ABEM Terrameter SAS4000 resistivity meter. The Wenner arrays were used on five lines within each Site with 1 m of the electrode spacing. The total profile length is 40 m. Processing of the data was achieved by a tomographic inversion scheme using the software RES2DINV [7] [8] . The focus of investigation is to compare the geoelectrical resistivity imaging results with soil properties and the water soil chemical content.
S umat ra -Indones ia K uala Lum pur T hai lan Grain size distribution for both sites was measured to distinguish the different soil character [9] . Soil samples were collected randomly from four point locations at each site (see Figure 1 ). Each location was taken from a depth of 0 to 1 m, at every 25 cm interval. The samples were then dried using an oven at 105°C for 24 hours. The dried soil was sieved and classified according the grain size classification scheme by Hamlin [10] . They are gravel, sand, silt and clay, respectively.
A gravimetric method [11] was adopted in measuring moisture content of four holes at each Site ( Figure 1 ). Each hole was taken from a depth of 0 m to 1 m for 25 cm interval. In this methods, soil need to be weighed before drying stage. Sample and its container were heated in oven at 105°C for 24 hours to achieve stabilization mass at constant value (without water content). Weight reduction as gravimetrical soil moisture content was consequently estimated.
Inverse auger methods [12] were used to measure hydraulic conductivity at shallow depths above water level. A hole with an 11.5 cm diameter and 60 cm depth was made at each location. After a hole was created it was filled with water to ground surface level. The rate of decreasing water level was initially intermittent but eventually stabilized to a constant rate after some time.
To analyze the chemical content of the soil water in the vadose zone, it requires the samples to be extracted directly from the soil. Soil water was sampled at 0.25 m, 0.50 m, 0.75 m and 1 m depths for four random locations (refer to Figure 1 ) using a 1900 Soil Water Samplers (manufactured by Soilmoisture Equipment Corp, USA). Four soil water samples were merged into a bottle plastic of 40 ml for each depth and labelled regarding to the depth sampling. Subsequently, the soil water samples were kept in plastic bottles and maintained at a temperature of 4°C. The samples were analyzed in hydrgeoochemical lab using Ion Chromatography (IC) and Inductively Coupled Plasma (ICP) one day after collecting samples.
Results and Discussion

Grain Size Distribution
The results of the soil properties analysis (grain size and moisture content) for Site 1 and Site 2 are given in Table 2 . 
Moisture Content
At Site 1, average moisture content ranges from 11.48% to 11.69% (Table 2) . A highest percentage value for moisture content is at location A. At each location, maximum values of moisture content are obtained at the surface. Though moisture content increases slightly in the near subsurface for location A. The moisture content does not show similar trend.
The two Sites differ in average moisture content percentages with Site 1 has an average of 11.59% with 0.09% standard deviation and Site 2 average of 11.27% with 0.07% standard deviation, respectively. Differences in moisture content is attributed to the different rate evaporate. Data for Site 1 was acquired one day prior to data for Site 2. Even though, it the weather conditions of the two days of data acquisition were nearly the same (cloudy), thus resulting in the not big difference percentage values for moisture content for both sites.
Hydraulic Conductivity
For both Site 1 and Site 2, the hydraulic conductivity was recorded to be 0.001079 cm/s and 0.001096 cm/s respectively ( Figure 2 and Table 4 ). The value informs that the pore soil characters for both Sites, which it imply to the similarity of their porosity and permeability for both Sites. 
Water Chemical Result
The chemical composition of extracted water from each depth sampling at Site 1 and Site 2 is given in Table 3 . In both Sites, Site 1 and Site 2, K, Ca, and Na are dominant anions with values ranging from 1.02 to 6.79 mg/l. The other anions have low concentration of less than 1 mg/l. Based on the results, anion content in the extracted water is similar for both sites.
In the Site 1 and Site 2, nitrate concentration ranges from 1.3 to 2.7 mg/l and 5.1 to 9.1 mg/l respectively. Highest nitrate concentration for both sites is found at the surface level and decreased with depth. In this case, after ten month fertilization, nitrate concentration in water soil can be used for human composition. USEPA [13] recommended that nitrate concentration in the water safe for human consumption is not more than 10 mg/l. The same trend is also recognized for chloride concentration. Meanwhile, sulphate and fluoride has concentration value ranging from 0 to 5 mg/l and 0.1 to 0.5 mg/l respectively. However, relatively higher average concentration of chloride and nitrate cations was observed from Site 2 ( Figure 3 ). 
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Resistivity Model
The resistivity model of Site 1 is shown in Figure 4 . The same scale is used for all sections. In section TB01, a high-resistivity value ranging between 2000-6000 ohm.m was obtained from the surface level to a depth of around 1.5 m, corresponding to the presence of compact sand with low moisture content ( Table 3) . The same feature is also observed in other sections (TB02-TB05).
The measured water table was 3.60 m below the ground surface in the borehole that was drilled at the 19 m mark of line TB003. In the inverse model of the line TB003, resistivity values of approximately 500 ohm.m corresponded to a unit of compact sand with fully saturated. Generally, at a depth of more than 4 m, zones that are probably more porous and more permeable can be seen in the section with values of around 150 ohm.m. This value corresponds to the fully saturated zone. The line TB03 crosses with the lines TB01 and TB02, and TB04 crosses with TB05 (refer to Figure 1 ). The intersection point is marked with an arrow in Figure 4 . The results show consistency good correlation with the zones for every of line crossing, leading to reliable subsurface interpretation.
Site 2 is located northwest of Site 1 in an old palm oil plantation. The geoelectrical surveys were conducted for five lines in this site. In the inverse model of all lines (TB06-TB10 in Figure 5 ) show relatively lower resistivity values (1800 ohm.m) from the surface up to 1 m deep. This resistivity value (coloured yellow) does not appear in inverse model of the Site 1. Zones with fairly high resistivity values (more than 8000 ohm.m) in sections TB06, TB07, and TB08 correspond to certain features presence of compact material with low moisture content at Site 2. These features are weathered boulders that known after being drilled with hand auger.
The line TB09 crosses with the lines TB06, TB07, and TB08 at the 16.5 m mark (refer to Figure 1 ). The inverse model shows quite good correlation with the zones at each of the line crossing. More porous and permeable zones exhibit resistivity values of about 150 ohm.m at depths of more or less than 3 m below the ground surface. The water table was found at a depth of 3.48 m in a borehole that was drilled using conventional augering at the 20 m mark along TB009 line (refer to Figure 1 ). In the inverse model of line TB009, resistivity values of around 500 ohm.m correspond to the fully saturated compact sand unit. Soil properties data is supported by inversed auger data. The hydraulic conductivity of Site 1 and Site 2 was reported to be 0.001079 cm/s and 0.001096 cm/s, obtained using the inversed auger method. Based on the results, it is concluded that the hydraulic conductivity that implied porosity and permeability for both sites in considered to be similar. To ease analysis, reverse values of the resistivity model were extracted from both sites and were plotted in Table 4 . All data extracted from the resistivity model is displayed as X and Y. Based on the data in Table 4 , the maximum average resistivity values from the surface to a 75 cm depth for both sites is 4950.52 ohm.m (TB002) and 3027.627 ohm.m (TB010), respectively. Other lines show the lower resistivity values at Site 2 compared to Site 1 from surface level to a depth of 75 cm.
Correlation of Soil Parameters, Chemical Content of Extracted Water, And Geophysical Parameters
In Figure 4 , the distribution relatively high resistivity values zone at depths less than 1 m is obvious. Within this depth interval, the relatively high resistivity values are constant, with inverse resistivity values at TB03 being the highest resistivity values at Site 1. The analyses indicate the result value for the resistivity model at Site 1 is higher than those from Site 2. The moisture content at Site 2 however is lower than Site 1. The values of soil properties reveal that the soil conditions at Site 1 and Site 2 are similar to each other. This similarity is reflected in the average percentages of clay, silt, and sand contents at both sites. Other measurements include the measurements conducted for the hydraulic conductivity. The lower average resistivity of Site 2 from the surface to a depth of 75 cm is believed to be caused by the higher nitrate and chloride concentrations in the near subsurface. Although fertilizing activities had been stopped for the past year, residual chloride and nitrate still remain in the soil. The negative charges of nitrate and chloride content caused a decrease of the medium's resistivity. This is the reason why there is a 36.6% decrease in average resistivity from the surface to depths of 75 cm for Site 2.
Conclusion
The geoelectrical resistivity and hydrogeochemical methods were successful for studying of shallow groundwater aquifer characters within agricultural areas. In the preliminary study, it is found that area around palm oil plantation, nitrate concentration is higher compared to the area with no palm oil plantation. Application of chemical and natural fertilizer is the reason for the high nitrate concentration found in the palm oil plantation. In the zone with higher nitrate concentration, subsurface geoelectrical resistivity values are to be lower although the moisture content is lower and soil properties are similar. Subsurface resistivity value is higher in the zone with lower nitrate content although moisture content is higher.
